Research Report
Approximately one-quarter of the practicing physicians in the United States are international medical graduates (IMGs). 1 To take the first step to entry into the U.S. postgraduate clinical education system, these physicians must be certified by the Educational Commission for Foreign Medical Graduates (ECFMG). The requirements for ECFMG certification have changed over time, but in 1992 the first IMG took the Step 2 Clinical Knowledge (CK) examination of the United States Medical Licensing Examination (USMLE) licensing sequence. Although there are some studies documenting the relationship between scores on this examination and other educational measures, there appear to be no data indicating whether they have a relationship with actual performance in practice. [2] [3] [4] This study provides data on the association between scores of IMGs on Step 2 CK and patient outcomes.
The number of IMGs seeking graduate training in the United States has varied over time as a function of a number of factors. 1 Given the fact that IMGs have attended medical school programs in more than 200 nations, it is not surprising that they are a heterogeneous group. However, one important distinction is between those IMGs who are U.S. citizens (USIMGs) and those who are not (non-USIMGs). USIMGs make up roughly one-fifth of all certified IMGs, are more motivated to take graduate training in the United States, and tend to perform less well than non-USIMGs on some examinations. 5, 6 Compared with U.S. medical school graduates (USMGs), IMGs as a group tend to fill unmet needs in the U.S. health care system. They are more likely to practice in rural areas and urban areas of poverty, and more often choose primary care specialties where there are both shortages and maldistribution of physicians. 5 IMGs have increased the diversity of the workforce and have contributed to U.S. health care in all areas of medical practice. 1, 5, 7 IMGs must complete a rigorous credentialing process before they are able to practice in the United States. First, they must be certified by the ECFMG, which requires primary source verification of educational credentials (diploma and transcript) and successful performance on the first two steps of the USMLE, which includes three examinations (Step 1, Step 2 CK, and Step 2 Clinical Skills [CS]). Upon ECFMG certification, IMGs are eligible to enter accredited residency training in the United States. To then get a state medical license, IMGs must complete at least one year of residency training (required years of training differ by state) and pass the USMLE Step 3. Upon completion of a graduate training program, they can apply for specialty board certification, which requires further examination.
Despite the rigor of this process, there have been questions about the competence of IMGs. 8, 9 However, current work has demonstrated that they are performing well on educational measures, and a majority have achieved specialty board certification. 10 Moreover, a recent study has shown that the patient outcomes of IMGs are comparable to those of USMGs for congestive heart failure (CHF) and acute myocardial infarction (AMI Graduates. An association between scores on the test and the quality of care later provided by those who take it is central to its use in certification and licensure. The purpose of this study was to determine whether there is a relationship between scores on Step 2 CK and patient outcomes for IMGs.
Method
This is a retrospective observational study of the 60,958 hospitalizations from 2003 to 2009 in Pennsylvania where the principal diagnosis was acute myocardial infarction or congestive heart failure and the attending physician (N = 2,525) was an IMG who had taken the Step 2 CK. The main measures were the three-digit scores on Step 2 CK and in-hospital mortality.
Results
After adjustment for severity of illness, physician characteristics, and hospital characteristics, performance on Step 2 CK had a statistically significant inverse relationship with mortality. Each additional point on the examination was associated with a 0.2% (95% CI: 0.1%-0.4%) decrease in mortality. The size of the effect is noteworthy, with each standard deviation (roughly 20 points) equivalent to a 4% change in mortality risk.
Conclusions
These findings provide evidence for the validity of Step 2 CK scores. Given the magnitude of its relationship with patient outcomes, the results support the use of the examination as an effective screening strategy for licensure.
Interestingly, the performance of non-USIMGs for these conditions was better than that of USMGs.
Among the requirements for ECFMG certification is successful performance on the USMLE Step 2 CK examination. According to the USMLE, the content of this examination provides the foundation for the "safe and competent practice of medicine." 12 The examination measures the application of medical knowledge, skills, and clinical science required for the provision of patient care under supervision. It is a single-day, computerbased examination administered at sites throughout the world.
Because it is required for ECFMG certification and for licensure in the United States, Step 2 CK scores have been used as the basis for several studies. [2] [3] [4] 13 The vast majority of experts judge the content to be clinically relevant, appropriate for the examination, and useful in clinical practice. 3 Moreover, there is little redundancy with Step 2 CS (an examination based on an assessment of clinical skills using standardized patients). 2 Although the studies referenced above speak to the utility of the Step 2 CK examination, the scores from neither this examination nor any of the others in the USMLE sequence have been compared with actual performance in practice. Such data are important in the context of the regulatory and administrative burdens in U.S. health care. 14 Our goal with this study was to fill this gap by comparing Step 2 CK scores with inhospital mortality for CHF and AMI. We chose these conditions because they are common, the outcomes are important, and they are often treated by doctors who are IMGs.
Method

Sources of data
We conducted this study using the inpatient records for Pennsylvania from January 1, 2003, to December 31, 2009, which were obtained from the Pennsylvania Health Care Cost Containment Council (PHC4). All hospitals in Pennsylvania (except Veterans Administration hospitals, skilled nursing facilities, and state psychiatric hospitals) are required to submit a patient record to PHC4 each time there is a discharge. Uniform Billing data are sent directly to PHC4, while the patient's demographics, comorbid conditions, and other important clinical information from the beginning of their stay (such as the history, laboratory data, symptoms, and pathophysiology) are sent to MediQual. 15 MediQual applies a statistical model which yields the Atlas Admission Severity index reflecting the probability of death where 0 indicates no clinical instability (<0.001), 1 is minimal instability (0.002-0.011), 2 is moderate instability (0.012-0.057), 3 is severe instability (0.058-0.499), and 4 is maximal instability (0.50-1.0). These data were sent to PHC4 where they were combined with the Uniform Billing data. For this study, we combined patients with index values of 0 and 1.
In these records, the attending physician was identified for each hospitalization. PHC4 defines this as the physician who was primarily responsible for the patient's medical care and who certified the necessity for services.
From these data we took the 685,774 hospitalizations where the principal diagnosis was AMI or CHF. We chose these diagnoses because they occur frequently and are often used to judge the quality of care. 16 Using a common physician identifier, we matched these data with the 2010 American Medical Association (AMA) Masterfile, which contains information on all physicians who reside in the United States and have met credentialing requirements for recognition.
Hospitalizations for both conditions were excluded if the patient was under 18 years, discharge status was not available, or the patient transferred from another short-term facility. In addition, we excluded hospitalizations for AMI if the patient's admission status was not available or if the patient transferred to another short-term facility.
Of the 685,774 hospitalizations, we could not match 4,579 (<1%) with a physician in the Masterfile. Further, we eliminated hospitalizations where there were diagnosis-related exclusions (80,440 or 12%), severity of illness information was missing (11,000 or 2%), and the attending physician graduated before 1959, when the ECFMG began its work (3, 735 or <1%). This left 585,990 hospitalizations.
We then matched these hospitalizations with information from the ECFMG. The ECFMG files contain data on all IMGs who have applied for its certification, which is required for admission to graduate training in the United States. The ECFMG files also contain the scores of candidates on the USMLE Step 2 CK examination, which was first administered in 1992. After we eliminated the 445,825 hospitalizations where USMGs were the attending physician, as well as those 75,086 hospitalizations where IMGs were the attending physician and they did not take USMLE Step 2 CK (they took a comparable examination before 1992), 60,958 hospitalizations attended by 2,525 doctors were left for analysis.
Because all candidates for ECFMG certification sign a release that permits their deidentified data to be used for research purposes and the other data are publicly available for research purposes, no ethical approval was required for this study.
Data elements
The patients' age, sex, race, principal diagnosis, admission severity, and discharge status (which indicated mortality) were available from the PHC4 data. These records also indicated the facility where the patient was treated.
The physicians' self-reported specialization and specialty board certification were available from the AMA Masterfile via agreement with the American Board of Medical Specialties. Data on whether physicians were international graduates, their citizenship at entry to medical school, and their number of attempts and scores on USMLE Step 2 CK were available from the ECFMG. Only the three-digit score from the physician's first attempt at USMLE Step 2 CK is used in this study (80% of the doctors passed on their first attempt). Most scores on this test range from 140 to 260, and their equivalence is maintained over years by statistical methods.
We calculated two additional variables. For each physician, we tallied the number of CHFs and AMIs treated. For each facility, we used a list from the Pennsylvania Office of Rural Health to determine if its county location was urban or rural. 17
Analyses
We calculated descriptive statistics for patients, physicians, and facilities using the hospitalizations as the basis for analysis. A multivariate model was used to assess the relationship between patient mortality and the scores of physicians on USMLE Step 2 CK. We adjusted the model for severity of illness on admission, whether the principal condition was AMI, facility volume and rural location, whether the doctor was a certified and self-identified family physician, whether the doctor was a certified and self-identified internist, whether the doctor was a certified and self-identified cardiologist, whether the doctor was a non-U.S. citizen at entry to medical school, and physician case volume. Because patients are clustered within physicians and physicians are clustered within facilities, generalized estimating equations were applied (GENMOD procedure, SAS version 9.1, SAS Institute).
Potential confounding and biasing variables
We undertook analyses to address the possibility that confounding variables might be influencing the results. Because physicians' clustering within hospitals may be nonrandom, we correlated average USMLE scores with mortality for each facility. The resulting correlation of .01 (P > .05) was not statistically significant.
We were also concerned that there might be an effect of specialization, so we ran the multivariate analysis limiting the physicians to self-designated family doctors, internists, and cardiologists. The nature of the relationship between scores and mortality was similar to the results reported below.
Previous work has shown that the time since medical school graduation (which is highly correlated with age) has an association with physician performance. 11, 18 We tested the influence of this variable and found that it did not have a statistically significant association with mortality. This is likely due to the fact that the participants in the study were relatively close to graduation, having all attempted the USMLE Step 2 CK examination in 1992 or later.
Results
Characteristics of physicians, patients, and hospitals
Of the 2,525 physicians in the study, 2,152 were non-USIMGs and 373 were USIMGs. There were 243 (10%) board certified self-designated family medicine doctors, 1,169 (46%) board certified self-designated internists, and 134 (5%) board certified self-designated cardiologists. In addition, 248 physicians (10%) identified themselves as practitioners of these disciplines but were not board certified in them. These 1,794 physicians managed 50,855 (83%) of the hospitalizations analyzed. The remaining 731 physicians had 48 differ ent practice specialties, and they managed 10,103 hospitalizations (17%).
There were 173 hospitals included in the study. These facilities had from 4 to 18,262 hospitalizations, with a median of 2,462. Table 1 presents information on the number of hospitalizations stratified by the characteristics of the facilities and physicians, including data on patient volume and performance on the USMLE Step 2 CK examination. The non-USIMGs had slightly higher patient volume during the period of study than the USIMGs. The non-USIMGs also had higher test scores than the USIMGs. Both of these effects were statistically significant. As shown in Table 2 , there were 60,958 hospitalizations from 2003 to 2009 with a principal diagnosis of CHF or AMI and where the attending physician was an IMG who took the Step 2 CK examination. Patient mortality was 4.4% overall, 2.9% for CHF, and 7.9% for AMI. Differences between the groups of physicians were statistically significant, with patients of non-USIMGs having lower mortality. Table 3 presents the results of the multivariate analysis with USIMGs as the reference group. It includes parameter estimates, confidence intervals, and the adjusted odds ratios for all variables included in the analysis. In this section, to aid in the interpretation of the results, we report the results as changes in relative risk.
Multivariate analyses
Adjusting for characteristics of the patients, physicians, and facilities, performance on the USMLE Step 2 CK examination had a statistically significant inverse relationship with mortality. Each additional point on the USMLE examination was associated with a 0.2% (95% CI: 0.1%-0.4%) decrease in mortality.
Facility volume and location did not have statistically significant associations with the log odds of mortality, but several physician characteristics did. Being a certified and self-designated family doctor was associated with a decrease of 37% (CI: 16% to 59%) in mortality. Likewise, being a certified and self-designated internist was associated with a 27% (CI: 15% to 39%) decrease in mortality. Individual physician case volumes were inversely related to the log odds of mortality: Each additional AMI or CHF hospitalization was associated with a 0.1% (CI: 0.1% to 0.2%) decrease in patient mortality. Finally, patients of non-USIMGs had 20% lower mortality (CI: 1% to 38%) than patients of USIMGs.
Discussion
In this study, we looked for a relationship between scores on the Step 2 CK examination and in-hospital mortality for patients with CHF or AMI. Conditioning on a number of patient, physician, and facility characteristics, we found that better examination performance was associated with a decrease in patients' relative risk for mortality. The size of the effect was noteworthy, with each standard deviation (roughly 20 points) equivalent to a 4% change in relative risk.
Controlling for all other factors, having a doctor who is a board-certified and selfdesignated family physician or internist is associated with lower relative risk of patient mortality. Likewise, having an attending physician with more experience with these conditions also produces lower relative risk of mortality. Finally, patients of non-USIMGs had a 20% lower relative risk of mortality than the patients of USIMGs. These results are consistent with previous work. 11, [19] [20] [21] It is important to recognize that the findings reported here likely understate the true relationship between Step 2 CK scores and patient outcomes. IMGs who did not ultimately pass the Step 2 CK examination or did not pass the other examinations in the USMLE sequence were not eligible to train and practice in the United States, so they are not included in this study. Likewise, those who passed, but could not acquire a residency position in the United States, are not included. Therefore, the relationships described in this study are subject to restriction of range, which attenuates the magnitude of the reported relationships. Moreover, there are a number of subcomponents in the Step 2 CK examination, and some of them are more relevant to CHF and AMI than others. The score-outcomes relationship might be greater had we been able to focus only on the relevant sections of the examination.
This observational study has some limitations. We included data on patients, physicians, and facilities in an effort to limit the effect of potential biases and confounders. In addition, we conducted supplementary analyses intended to rule out effects such as specialization. Nonetheless, there might be other variables, not available in our data set, which might clarify these findings. For instance, PHC4 provides guidance in terms of the identification of the attending physician, but there may have been variability across facilities.
The study was done with only two inpatient conditions in one state, and the results may or may not generalize to other conditions and locations. Further, it is conceivable that those with better scores on the USMLE Step 2 CK examination attended better residency training programs, which in turn led to better patient outcomes. However, the relationship between the USMLE Step 2 CK and patient mortality exists even after controlling for specialization and board certification, which should be sensitive to these same issues. Further research is needed to address these limitations.
Future research should also address the association between the USMLE Step 2 CS examination and the outcomes of care. 14 This examination provides an assessment of clinical skills based on the use of standardized patients, and thus it might be expected to have an even larger association with the outcomes of care. Further, there is little redundancy between the USMLE Step 2 CK and CS examinations. 2 Unfortunately, we could not include Step 2 CS performance in our study because it was first introduced several years after the USMLE Step 2 CK and there are not yet enough patient data for good analysis.
Our findings provide evidence for the validity of Step 2 CK scores. Moreover, they are consistent with the growing literature suggesting that national, high-stakes examinations have a positive relationship with patient outcomes. 11, [19] [20] [21] [22] [23] It is challenging to gather this type of validity evidence because it is not possible to randomize to treatment, and the patient outcomes follow the test at a significant time interval. Nonetheless, it is critical to collect data that speak to this relationship to justify the utility of the examinations. 14 This study indicates that, given the magnitude of their association with patient outcomes, these exams are an effective screening test for physician licensure. Step 2 Clinical Knowledge examination; USIMG, international medical graduates who are U.S. citizens. a From a study of the relationship between scores on the Step 2 CK examination and patient outcomes for international medical graduates. To aid in the interpretation of the results, these results are reported as changes in relative risk in the text.
